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Kashmir valleyAbstract Ferula jaeschkeana Vatke is an important threatened medicinal plant of the Himalayan
region. The present study was carried out to determine the impact of the habitat variability and alti-
tudinal gradient on the morphological and reproductive features of the species under study. The
species exhibited great variability in its morphological traits under different environmental condi-
tions. The plants were more vigorous and taller at a low altitude site, Kashmir University Botanical
Garden (KUBG) while the plants of a high altitude site, Gulmarg were shorter. With increased alti-
tude, a signiﬁcant reduction in the number of umbels per ﬂowering stem, umbellules per umbel and
ﬂowers per umbellule occurred. An increase in the number of stigma and anthers was also observed
in some plants at higher altitudes. Principal component analysis (PCA) revealed that the habitat of
KUBG and Dachigam proved relatively better for the growth of F. jaeschkeana. Maximum
resources were allocated to the growth and development of the stem followed by root tubers, leaves
and inﬂorescence. Reproductive success of the plant species varied along the altitudinal gradient
and ranged from 64% to 72%. Increasing altitude resulted in a decrease in the allocation of biomass
to reproductive structures in the form of decreasing dry weight. The total resource budget per plant
was maximum in low altitude Drang (572.6 ± 158.36 g) and Dachigam (568.4 ± 133.42 g) popula-
tions and was least in the Gulmarg population (333.4 ± 82.89 g). The reproductive effort was
higher (50.83%) for the high altitude Gulmarg population. The regression analysis revealed a pos-
itive correlation and predicts that plant height has a direct impact on the umbel diameter and leaf
length. Our results present a detailed account on the variation of growth characteristics, reproduc-
tive success and changes in allocation patterns in relation to the environmental conditions of
20 U. Yaqoob, I.A. Nawchoothis valuable medicinal plant species. This information is very useful to introduce the species into
cultivation and developing strategies for conservation and sustainable use of the wild populations.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In comparison with often broad and poorly deﬁned latitudinal
distributions in the lowlands, the distributions of species in
mountain regions are typically restricted to relatively narrow
altitudinal bands (Jump et al., 2009). The variation of size
and placement of resource acquiring parts such as leaves are
critical to a plant’s adjustments to resource availability
(Sattarian et al., 2011). In order to study fundamental issues
in plant ecology like plant response to ﬂuctuating environmen-
tal conditions, abiotic gradients represent unique natural labo-
ratories (Gimenez-Benavides et al., 2007; Gonzalo-Turpin and
Hazard, 2009; Montesinos-Navarro et al., 2011).
To survive in harsh conditions, plants can either adapt to
the local conditions genetically or respond to the environmen-
tal variability by phenotypic plasticity (Becker et al., 2006).
Phenotypic plasticity is chieﬂy important for plants since they
cannot move and have to deal with changing ambient condi-
tions. It further allows for faster adjustments to a changing
environment (Sultan, 2000; Hoffmann and Sgro, 2011). For
alpine plants, phenotypic plasticity is also expected to occur
more frequently at higher elevations as it enables fast adapta-
tion to a temporally highly variable environment (Stocklin
et al., 2009; Pluess et al., 2011). However, plasticity is not
always advantageous, but can also be non-adaptive, with neu-
tral or negative effects to ﬁtness (Ghalambor et al., 2007).
In the case of altitudinal gradients, with increasing altitude
plants must cope with ﬂuctuating environmental conditions
(Korner, 2007). In response to the climatic shifts, plants adjust
key physiological processes such as gas exchange and photo-
synthetic rates (Korner, 2007) and morphological traits (Ma
et al., 2010; Phillips et al., 2011). The most conspicuous struc-
tural alteration in plants is the reduction in overall plant size
observed along elevational gradients (Korner et al., 1989).
Reproduction is the currency of natural selection, but
plants must grow to build the machinery in order to reproduce
(Bazzaz and Reekie, 1985). The biomass distribution and the
proportion of plant allocated resource to reproductive struc-
tures is an important embodiment of plant ﬁtness (Vega
et al., 2000). Resource allocation to vegetative and reproduc-
tive parts has for long been known as an important determi-
nant of reproductive success (Elle, 1999). The patterns of
allocation reveal evolved strategies that are the results of dif-
ferent selection pressures and constraints (Weiner, 2004). In
some alpine and subalpine species, phenotypic plasticity allows
the high altitude populations to compensate the short growing
season by reproducing more rapidly (Stinson, 2004).
Ferula L. is the third largest genus of family Apiaceae
(Yaqoob and Nawchoo, 2015) and consists of 180–185 species
(Pimenov and Leonov, 2004). Ferula jaeschkeana Vatke
locally known as ‘‘Krandel” is a monocarpic herbaceous
perennial plant. The species grows from plains to sub-alpine
regions of the Kashmir valley along an altitudinal gradient
of 1800–2800 m asl. The resin of F. jaeschkeana (collectedfrom mature plants) is used in folk medicine in the treatment
of tumors, chronic wounds and ulcers (Khalilova and
Saidkhodzhaev, 1998). The powder prepared from the dried
root tubers is used to cure chest pain (Yaqoob et al., 2015)
and joint pain. The seeds are also used to cure chest pain.
The leaf paste is applied on wounds for healing purposes.
The whole plant is destructively collected and is used as fodder
and ﬁrewood. Being a monocarpic perennial, most of the
annual and biennial plants are wiped off before seed set lead-
ing to a decline in its population (personal observation of
authors). The species has immense medicinal and traditional
importance and is facing threat due to local usage, susceptibil-
ity to cattle grazing and other anthropogenic activities
(Table 1). The present study was devised for the ﬁrst time to
understand the variation in growth characteristics, reproduc-
tive success and changes in allocation patterns in relation to
the environmental conditions along the altitudinal gradient.
This study aimed at developing strategies for cultivation, con-
servation and sustainable use of wild populations and to ﬁnd
the environments that are most favorable and productive for
the growth of F. jaeschkeana.2. Materials and methods
2.1. Study sites
F. jaeschkeana was found growing in Daara, Dachigam, Betab
valley – Pahalgam, Chandanwari, Gulmarg, Aharbal, Jawahar
tunnel, Ferozpora, Drang, Narayanag, Daksum, Kokernag
and Drass. Four natural populations (Dachigam, Drang,
Betab valley – Pahalgam and Gulmarg) and one transplanted
control population grown at KUBG (Kashmir University
Botanical Garden) were selected for the present study
(Fig. 1). The origin of plants growing at KUBG is not known
and has been collected earlier from natural habitats. The sali-
ent features of the selected sites are depicted in Table 1.
2.2. Morphological characterization
The studies were carried out in both ex situ as well as in natural
habitats and photographs were taken using Canon A810 cam-
era. Ten mature ﬂowering individuals were selected randomly
and tagged from each population in order to observe the vari-
ous morphological parameters of the species and to record the
variability in ﬂoral and vegetative traits. The populations were
analyzed for morphological traits like number of shoots per
plant, root tuber dimensions, plant height, basal leaf length,
pinnae number, pinnae length, pinnule length, number of ﬂow-
ering stems per plant, ﬂowering stem length, sheath number per
plant, sheath length, number of umbels, umbel diameter,
umbels per ﬂowering stem, umbellule’s per umbel, number of
ﬂowers, fruit morphology and fruit number. The plants were
measured in situ and most of these parameters were recorded
Table 1 Salient features and associated threat factors of the selected sites for the collection of F. jaeschkeana.
Location Altitude
(m asl)
Latitude and
longitude
Climatic
zone
Habitat Threat factor
KUBG# 1595 347057.1700N
7450015.1900E
Plain Open shady ﬁeld Nil
Dachigam 1900 34809.9900N
7529052.4000E
Plain Sunny slope with
partial shade
Local use, overgrazing
Drang 2235 34208.7000N
742504.5700E
Sub
alpine
Sunny open slope Local use, overgrazing, landslides, habitat destruction
and construction of roads
Betab valley –
Pahalgam
2405 343015.1700N
7521049.8300E
Sub
alpine
Sunny open slope Local use, overgrazing, landslides, habitat destruction
and construction of roads
Gulmarg 2590 343040.200N
7423015.9500E
Sub
alpine
Moist open slope Local use, overgrazing, landslides
The sites are ordered by increasing elevation.
# KUBG – Kashmir University Botanical Garden (Transplantation site).
Figure 1 Map showing the location of study sites of Ferula jaeschkeana in Kashmir Valley.
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sion analysis to determine the correlation between various mor-
phological parameters across the altitudinal gradient so as to
ﬁnd the sites of better growth performance of this species.
Principal component analysis (PCA) was carried out to analyze
the morphological traits in relation to habitat dynamics. In
addition to this, it was also used to infer the coherence between
different vegetative and reproductive parameters.
2.3. Reproductive success
The umbels were dissected under the stereo zoom microscope
(Zeiss Discovery. V8) and the number of ﬂowers per umbellulewere counted to examine the proportion of variation within
and among plants as well as among populations. The mature
umbels containing mericarps were collected from all the
selected populations. We determined the percentage seed set
of each plant expressed as the ratio of developed fruits to the
total number of ﬂowers.
2.4. Reproductive allocation
Fifteen mature and healthy ﬂowering plants from all the natu-
ral populations were harvested for the study of resource parti-
tioning in different parts of a plant. The plants were
fragmented into individual parts such as root tubers, leaves,
22 U. Yaqoob, I.A. Nawchoostem and inﬂorescence. Using an electronic balance, fresh
weight (weighing as fresh) and dry weight (after oven-drying
for 48 h at 80 C) of the plants were determined following
Kawano and Masuda (1980). Reproductive effort (RE) was
calculated from the estimates of dry weight or biomass allo-
cated to reproductive and vegetative structures (Abrahamson
and Gadgil, 1973):
RE ¼ Dry weight of inflorescence ðincluding stemsÞ
Total dry weight of the above and below ground parts
 1002.5. Data analysis
ANOVA was used to test for differences between populations
for all the morphological characters measured using the SPSS
16.0 software. Tukey’s multiple comparison of means was used
to compare all populations and the differences between indi-
vidual means were deemed to be signiﬁcant at p 6 0.05.3. Results
3.1. Growth characteristics
Present investigation revealed a wide range of suitable habitats
for the growth of F. jaeschkeana (Fig. 2). The species prefers toFigure 2 Different types of habitats of Ferula jaeschkeana in Kashmi
(D) open slopes with loose textured soils.grow in the shady plains, rocky open slopes and open slopes
with loose textured soils (Table 1). F. jaeschkeana is a herba-
ceous perennial plant with 1–2.5 m tall solitary, thick, reddish
brown stem and a huge woody taproot, that grows 19–22 cm
deep below the soil surface. The stem base is clothed in ﬁbrous
remnant sheaths. Upper leaves are reduced to large sheaths
often with umbels in their ascils.
At both inter and intra-population levels, the species exhi-
bits a considerable variability in its morphological traits under
different environmental conditions (Table 2). Highly signiﬁ-
cant differences among populations were observed in plant
height, leaf dimensions, umbel size and umbellule number.
The main difference between the populations was obvious in
the plant height which was almost double in plants growing
at low altitude sites KUBG and Dachigam (210.05
± 17.42 cm and 197.61 ± 13.15) than in Gulmarg (106.17
± 27.17). The ﬂowering stem length and basal leaf length were
also highest (35.05 ± 6.52 and 108.45 ± 18.56 cm, respec-
tively) at low altitude KUBG and were the least (26.16
± 4.77 and 74.93 ± 10.03 cm, respectively) at Gulmarg.
Besides, the pinnae number per plant, pinnae length and pin-
nule length were also maximum (5.2 ± 1.47, 58.92
± 10.54 cm and 17.52 ± 3.47 cm, respectively) in the plants
of low altitude site, KUBG and were minimum (2.2 ± 0.5,
33.52 ± 7.87 and 7.36 ± 2.13) in the plants of high altitude
site, Gulmarg. The root tuber length and root tuber breadth
followed the same trend and ranged from 19.3 to 22.86 cm
and 10.66 to 15.49 cm, respectively.r Valley. (A) Open plains; (B) shady slope; (C) mountainous slope;
Table 2 Morphological variations (mean ± SD) in several plant characters recorded among ﬁve different populations of Ferula
jaeschkeana across the study sites (2012–2013).
Plant characteristics KUBG Dachigam Drang Betab valley –
Pahalgam
Gulmarg F
value
LSD
Plant height (cm) 210.0 ± 17.42a* 197.61 ± 13.15a 154.6 ± 21.38b 137.6 ± 18.56b 106.17 ± 27.17c 45.40 15.13
Basal leaf length (cm) 108.4 ± 18.56a 103.37 ± 15.62a 90.67 ± 15.97abc 77.47 ± 6.78bc 74.93 ± 10.03c 11.05 10.73
Pinnae number 5.2 ± 1.47a 3.0 ± 0.94b 3.0 ± 0.64b 2.5 ± 0.68bc 2.2 ± 0.5b 15.02 0.724
Pinnae length (cm) 58.92 ± 10.54a 42.16 ± 7.56b 40.13 ± 8.22b 36.83 ± 6.09bc 33.52 ± 7.87b 14.40 6.18
Pinnule length (cm) 17.52 ± 3.47a 9.39 ± 2.08b 8.63 ± 1.8b 7.87 ± 2.79bc 7.36 ± 2.13b 28.81 1.85
Flowering stems per
plant
18.2 ± 1.98a 26.6 ± 4.08b 15.9 ± 1.52ac 14.7 ± 2.58ac 13.3 ± 3.49c 33.13 2.18
Flowering stem length
(cm)
35.05 ± 6.52a 32 ± 3.98a 31.24 ± 6.55a 29.21 ± 5.23a 26.16 ± 4.77b 3.58 4.15
Sheath number per
plant
18.9 ± 3.28a 19.7 ± 2.83a 17.6 ± 2.54ab 17.1 ± 2.84ab 14.2 ± 3.64b 4.78 2.30
Sheath length (cm) 32.13 ± 6.6a 34.29 ± 7.95a 30.22 ± 5.61a 28.19 ± 6.14a 27.68 ± 7.49a 1.62 5.13
Umbel diameter (cm) 38.35 ± 6.37a 32 ± 5.63ab 28.7 ± 4.77b 27.94 ± 4.77bc 27.68 ± 4.85b 7.55 3.89
Umbels per ﬂowering
stem
7.1 ± 2.13a 7.3 ± 2.21a 5.7 ± 1.76a 5.4 ± 1.07a 5.3 ± 1.49a 2.59 1.38
Umbellule’s per umbel 14.8 ± 3.82a 13.4 ± 1.42ab 10.7 ± 2.11bc 9.3 ± 1.33c 8.5 ± 2.06c 14.44 1.68
Flowers per umbellule 21.2 ± 3.22ab 22.7 ± 3.46a 19.6 ± 1.95ab 18.5 ± 2.46bc 15.9 ± 1.66c 9.65 1.99
Number of ramets 3.4 ± 1.34a 2.3 ± 0.94ab 2 ± 0.66b 1.7 ± 0.67b 1.4 ± 0.51b 7.62 0.66
Root tuber length (cm) 22.86 ± 3.58a 21.59 ± 5.63a 20.57 ± 4.69a 19.81 ± 3.73a 19.3 ± 3.81a 1.06 3.29
Root tuber breadth
(cm)
15.49 ± 5.25a 15.24 ± 3.78a 13.46 ± 2.92a 11.68 ± 3.81a 10.66 ± 3.32a 2.95 2.94
* Means labeled with the different small letters indicate that they signiﬁcantly differ from each other among different populations.
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percentage of ﬂowering plants was recorded between May
and early-June. Transplanted population at KUBG showed
the highest values of almost all the morphological traits as com-
pared to the natural populations. An increase in the number of
stigma and anthers was also observed in some plants (Fig. 3)
growing at the Betab valley – Pahalgam and Gulmarg. A pos-
itive correlation between root tuber length and plant height
(r2 = 0.1459), plant height and basal leaf length
(r2 = 0.3497), plant height and umbel diameter (r2 = 0.2843),
umbellules per umbel and ﬂowers per umbellule (r2 = 0.396),
number of ramets and umbellules per umbel (r2 = 0.1287)
and number of ramets and ﬂowering stems per plant
(r2 = 0.0734) was observed (Fig. 4).
Principal component analysis (PCA, Fig. 5) of all morpho-
logical characters across the study sites reveals that the major
differences between populations were due to size characteris-
tics (axis 1; 85% of total variance) and separated KUBG
and Dachigam (with high character values) from the other
populations. PCA reveal that the high altitude populations
are non-favorable to most of the vegetative and reproductive
traits indicating better growth conditions at lower altitudes.
Flowering stem length, root tuber length (cm), number of
ramets, umbel diameter, pinnae number, pinnae length, and
pinnule length were found to be favoring KUBG population.
Basal leaf length, number of ﬂowering stems per plant, sheath
length, umbels per ﬂowering stem, umbellules per umbel, plant
height, root tuber breadth (cm), ﬂowers per umbellule, and
sheath number per plant were found to be favoring the Dachi-
gam population. Thus, the habitat of KUBG and Dachigam
proved relatively better for the growth of F. jaeschkeana.3.2. Reproductive success
With increased altitude, a signiﬁcant reduction in the number
of umbels per ﬂowering stem, umbellules per umbel and ﬂow-
ers per umbellule occurred (Table 2). Percentage seed set of the
plant species also varied along the altitudinal gradient and ran-
ged from 64% to 72%. The number of umbellule per umbel
varied with overall plant height from 5 to 7 across populations.
Moreover, the number of ramets per root tuber varied from 1
to 4 which represents a copious variation in numbers of umbel-
lules per umbel, umbels per ﬂowering stem, number of umbels
and thus the reproductive success.
3.3. Reproductive allocation at flowering
It is evident from the data (Table 3) that partitioning of
resources is not uniform among different parts of a plant. A
striking difference was observed in total above ground dry
weight and dry weight of different vegetative structures among
the plants of studied populations, growing at different alti-
tudes. The total resource budget per plant and the above
ground dry weight of low altitude populations (Drang and
Dachigam) and high altitude population (Gulmarg) varied to
a greater extent. The values were maximum in low altitude
Drang (572.6 ± 158.36 g and 407.2 ± 123.5 g, respectively)
and Dachigam (568.4 ± 133.42 g and 359.6 ± 104.97 g,
respectively) populations and were least in the Gulmarg popu-
lation (333.4 ± 82.89 g and 236.8 ± 56.18 g, respectively).
Also the percentage allocation to reproductive parts, i.e.,
reproductive effort was more (50.83) for the high altitude Gul-
Figure 3 Increase in the number of stigma and anthers of ﬂowers. (A) Gynoecium with three stigmas and styles; (B) gynoecium with four
stigmas and styles; (C) ﬂower with six anthers; (D) ﬂower with seven anthers.
24 U. Yaqoob, I.A. Nawchoomarg population. Maximum resources were allocated toward
the growth and development of stem (156.9 ± 62.24 g to
275.3 ± 85.18 g) followed by root tuber (96.6 ± 26.71 g to
208.8 ± 28.45 g) and leaves (67.3 ± 10.19 g to 112.5
± 35.69 g) while the least resources were allocated toward
inﬂorescence (12 ± 3.12 g to 19.4 ± 2.63 g).
4. Discussion
Present investigation revealed that F. jaeschkeana grows in
plains, rocky open slopes and open slopes with loose textured
soils with low moisture retention. Hamzeloomoghadam et al.
(2013) reported that the genus Ferula has a wide distribution
and the species of the genus mostly grows in mountainous
regions and some are distributed in desert areas. Dhancholia
(2013) also reported the wide altitudinal range to be suitable
for the growth of F. jaeschkeana. During the present study
on plant morphology at inter- and intra-population levels,
the morphological characters varied signiﬁcantly across the
selected populations. The present study revealed that the
plants growing at shady habitats (KUBG and Dachigam) are
more vigorous, taller and bear larger number of leaves and
inﬂorescences in contrast to the plants growing in direct
exposure to sunlight. This ﬁnding is in conformity with theobservations of Siddique et al. (1997). It is known that the
shady environments provide conditions where the plants can
grow taller and can compete for light.
Our observations also reveal a decrease in the plant size
with an increase in altitude. This is in accordance with the ﬁnd-
ings of Korner (2003), Baret et al. (2004) and Willis and Hulme
(2004) who also reported a decrease in the plant size as an
adaptation to increasing altitude. Decrease in plant height with
increasing altitude results from slower growth rate that allows
plants to use resources more efﬁciently in severe climatic envi-
ronments (Bennington and McGraw, 1995) and may prove
beneﬁcial for the species as the stem shortening allows plants
to avoid the detrimental effects of the strong winds (Korner
and Cochrane, 1983). The leaf length was maximum in the
plants growing at lower altitudes and was least in the plants
growing at higher altitudes. Our results are in conformity with
the observations of Bresson et al. (2011) who reported a gen-
eral decrease in length, width and area of leaves with increas-
ing altitude. An increase in the number of stigma and anthers
in some plants suggest that the growth conditions are stressful
at higher altitudes.
The pattern of biomass allocation of a plant to different
structures is a fundamental aspect of its biology (Begon
et al., 2006). Maximum amount of biomass is allocated toward
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Figure 4 (A–F) Regression analysis between several morphological characters of F. jaeschkeana.
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Figure 5 Principal component analysis (PCA) of morphological characteristics of Ferula jaeschkeana across the different study sites. LL
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Impact of habitat variability and altitude on growth dynamics of medicinal plants 25the organs of support i.e., stem and root tubers. The reproduc-
tive effort of the plants growing at higher altitudes was more
than the plants growing at lower elevations. These ﬁndings
are in conformity with Fabbro and Korner (2004) and
Molina-Montenegro et al. (2012) who reported the greaterreproductive response with altitude. Furthermore, the
relationship of increased allocation to reproduction (number
of umbels) with plant size is in consistence with the observa-
tions of Aarssen and Taylor (1992) and Clauss and Aarssen
(1994).
Table 3 Allocation of resources (mean ± SD) in the form of dry weight (g) toward different plant parts in Ferula jaeschkeana.
Traits Dachigam Drang Betab valley – Pahalgam Gulmarg F value LSD
Root tubers 208.8 ± 28.45a* 165.4 ± 34.86b 102.4 ± 26.12c 96.6 ± 26.71c 33.64 22.07
Stem 253.3 ± 78.22a 275.3 ± 85.18a 156.9 ± 62.24b 157.5 ± 42.87b 8.18 52.14
Leaves 91.4 ± 22.71ab 112.5 ± 35.69b 79.6 ± 24.65a 67.3 ± 10.19a 5.91 18.87
Inﬂorescence 14.9 ± 4.04a 19.4 ± 2.6b 14.7 ± 4.11a 12 ± 3.12a 7.53 2.66
Total resource budget per plant (g) 568.4 ± 133.42a 572.6 ± 158.36a 353.6 ± 117.12b 333.4 ± 82.89b 10.89 95.0887
Reproductive eﬀort per plant 47.18 ± 1.19a 51.46 ± 1.5b 48.52 ± 1.58a 50.83 ± 1.39b 19.70 1.079
* Means labeled with the different small letters indicate that they signiﬁcantly differ from each other among different populations.
26 U. Yaqoob, I.A. Nawchoo5. Conclusion
Our observation revealed a wide range of suitable habitats for
the growth of F. jaeschkeana Vatke. The species was found to
grow in the plains, rocky open slopes and open slopes with
loose textured soils with great variability in its morphological
traits under different environmental conditions. The plants
were more vigorous and taller at low altitude site, KUBG
while the plants of high altitude site, Gulmarg were shorter.
With increased altitude, a signiﬁcant reduction in the number
of umbels per ﬂowering stem, umbellules per umbel and ﬂow-
ers per umbellule occurred. PCA revealed that the habitat of
KUBG and Dachigam proved relatively better for the growth
of F. jaeschkeana. The total resource budget per plant and the
above ground dry weight was higher for low altitude popula-
tions and was least for high altitude populations. Negative cor-
relation of the morphological parameters to increasing altitude
points toward the better growth performance of this species at
lower elevations. This information is very useful when plan-
ning to introduce the species into cultivation and devoloping
strategies for addressing conservation and sustainable use of
wild populations.
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